Objective. To determine whether participant characteristics and localized structural factors are associated with foot pain and foot-related disability in patients with symptomatic first MTP joint OA.
Introduction
OA of the first MTP joint, also termed hallux limitus and hallux rigidus, is one of the most common disorders affecting the foot [1] . The prevalence of first MTP joint OA is not fully known; however, population-based studies indicate that the prevalence of radiographic first MTP joint OA in the general population increases with age and that the overall prevalence is as great as 35% in individuals between 35 and 60 years of age [2] . First MTP joint OA is characterized by localized symptoms of pain and stiffness at the joint [3] . The pain associated with first MTP joint OA has been associated with reduced general and foot-specific health-related quality of life [4, 5] .
The pain and associated disability of OA are the most common reasons a person with this disease will seek health-care advice and treatment [6] . Therefore, understanding the causes of these symptoms in OA is important for the development of targeted interventions for this disorder. Despite this, the causes of pain and associated disability in OA are not completely understood, but are considered to be mediated by a complex interaction between localized structural changes, peripheral and central pain processing mechanisms as well as subjective differences in what constitutes pain, which in turn is mediated by sociological, demographic and psychosocial factors [7, 8] .
Studies of the knee, hip and hand have identified several local factors associated with the presence or severity of pain and/or disability in OA. These factors include radiographic osteophytes and joint space narrowing [911] , sub-articular bone changes (bone attrition and marrow oedema) [11] , synovitis [11] and reduced muscle strength [12, 13] . In addition, participant characteristics such as female gender [1416] , increased age [13, 15] , increased adiposity [15, 16] , lower education attainment [1720] and physical and occupational activities [15] have also been associated with symptoms of OA.
Although first MTP joint OA is prevalent, few studies have attempted to identify correlates of symptoms at this joint. Previous studies have shown that $427% of people with radiographic OA at the first MTP joint report joint pain [21] . Further, individuals with radiographic features of first MTP joint OA are more likely to report first MTP joint arthritis [16] and the prevalence of pain at the first MTP joint has been shown to increase as the severity of radiographic disease increases [21] . However, to date, no studies have investigated if radiographic OA is correlated with the severity of pain and disability in people displaying first MTP joint pain. Further, there are likely to be several other factors associated with symptoms of first MTP joint OA, yet there has not been any investigation to identify these to date. Accordingly, the aim of this study was to determine the association of participant characteristics and localized factors with foot pain and foot-related disability in people with first MTP joint OA.
Methods
This investigation was a cross-sectional study using data from all participants who attended the baseline assessment (structured interview and clinical assessment) of a clinical trial assessing the effectiveness of IA hyaluronan (hylan G-F 20) for the treatment of OA affecting the first MTP joint. The study protocol has been described in detail previously [22] . The participants' written consent was obtained according to the Declaration of Helsinki, and the study was approved by the Human Studies Ethics Committee of La Trobe University, Australia (No. 0745). Informed consent was obtained from all participants before data collection.
Participants
Participants were recruited from several sources, including advertisements in newspapers, mail-outs to health-care professionals and posters displayed at retirement villages, sporting facilities and universities. Participant recruitment occurred between March 2007 and January 2010.
Inclusion criteria for the main clinical trial were: age at least 18 years; symptoms of pain in the first MTP joint for at least 3 months; reported pain rated at least 20 mm on a 100-mm visual analogue scale (VAS); pain upon palpation of the dorsal aspect of the first MTP joint; radiographic evidence of OA (defined as a score 1 or 2 for either osteophytes or joint space narrowing) at the first MTP joint [23] ; and able to walk household distances (>50 m) without the aid of an assistive device. Further, participants had agreed to discontinue taking all pain-relieving medications (analgesics and NSAIDSs) at least 14 days before the baseline appointment, with the exception of paracetamol, which was discontinued at least 24 h before the assessment.
Exclusion criteria for the main clinical trial were radiographic evidence of severe OA (score 3 for either osteophytes or joint space narrowing) at the first MTP joint [23] ; previous first MTP joint surgery; any IA injection at the first MTP joint in the previous 6 months; treatment with systemic CSs, immunosuppressives or anti-coagulants; joint infection(s) of the foot; moderate to severe hallux valgus as defined by the Manchester scale [24] ; presence of confounding conditions within the lower limb; systemic inflammatory condition or infection; any medical condition that, in the opinion of the investigators, made the participant unsuitable for inclusion, such as FM or cognitive impairment; or involvement in any clinical research study in the previous 3 months. Pregnant or lactating women, or women who were of childbearing age or had not undergone menopause were excluded from this study as it was part of a larger clinical trial with these exclusion criteria [22] .
Assessment of potentially associated variables
No previous studies have investigated factors associated with the presence or severity of symptoms in people with first MTP joint OA with the exception of Lawrence et al. [21] and Menz et al. [16] . Therefore, potentially associated variables chosen for this study were selected if they exhibited a known or putative association with symptomatic first MTP joint OA or with symptoms of OA in other joints [919, 21, 25, 26] .
Data were collected pertaining to participant characteristics [age [13, 14] , gender [1416] , height, weight, BMI [1416] , duration of symptoms [10] and total years of formal education (education attainment) [1719] ]. Education attainment was assessed via a questionnaire whereby participants specified the number of years of education that they had completed for each of the following levels: primary school, secondary school, technical college, university and other. The number of years for each level was then summed to give a total score.
In addition, several other localized factors were assessed:
passive, non-weight-bearing dorsiflexion range of motion of the first MTP joint was measured by one of the study investigators (either G.V.Z. or S.E.M.) in accordance with the procedure described by Hopson et al.
[27]. The first metatarsal and proximal phalanx of the hallux were initially bisected in the sagittal plane. A dorsiflexion force was then applied to the hallux until end range of motion was reached. The angle between the two lines was then measured via a hand-held goniometer. The assessment was performed twice and the average used for analysis. We have shown that the intertester reliability for this measurement in people one of the study investigators (either G.V.Z. or S.E.M.) using the Foot Posture Index-6 (FPI-6), which is a valid and reliable tool [28] . The FPI consists of six specific criteria: talar head palpation, supra-and infra-lateral malleolar curvature, calcaneal frontal plane position, prominence in the region of the talonavicular joint, medial arch height and abduction and adduction of the forefoot on the rearfoot. Each FPI criterion is scored on a five-point scale (range À2 to +2). The six scores obtained were then summed to give an overall score of foot posture. The summed score has the potential to range from À12 (highly supinated) to +12 (highly pronated) [28] . (iv) Strength of the surrounding musculature of the first MTP joint [12] : plantarflexion strength of the hallux was measured using the MatScan plantar pressure measurement device (Tekscan, South Boston, MA, USA) [29] . Participants were seated with the hip, knee and ankle at 90 and their foot placed over the MatScan plantar pressure measurement device. The mat was calibrated for each participant using his or her own bodyweight before each testing session. Participants were instructed to use their toe-flexor muscles to maximally push their hallux down on the MatScan device and forces under the hallux were recorded. The test was performed three times and the median (kilograms) was used for analysis. We have previously shown that the testretest reliability of this measurement technique is high, with ICC = 0.88 (95% CI 0.81, 0.93) [29] .
Assessment of foot pain and foot-related disability
The foot pain and foot function domains of the Foot Health Status Questionnaire (FHSQ) [30] were used to assess foot pain and foot-related disability, respectively. The FHSQ is a foot-specific health-related quality of life instrument that includes 13 questions that assess four domains of foot health: (i) foot pain, (ii) foot function, (iii) footwear and (iv) general foot health. Questions within each domain are scored using a Likert response format. Participant responses were transformed into a score ranging from 0 to 100 for each domain, with a score of 100 indicating optimum foot health [30] . A score of zero would imply extreme and significant foot pain that is acute in nature for the foot pain domain, and severe limitation in performing a broad range of physical activities because of feet as limited in walking, working and moving about for the foot function domain. The FHSQ has been subjected to an extensive validation (content, criterion and construct validity) process. It has a high testretest reliability (ICCs ranging from 0.74 to 0.92) and a high degree of internal consistency (Cronbach's a ranging from 0.85 to 0.88) [30] . Although the FHSQ has not been validated as a measure of status of first MTP joint OA, it has been rated as one of the highest quality foot health status measures currently available [31] .
FIG. 1
Example atlas images for joint space narrowing of the first MTP joint from the dorso-plantar view.
Statistical analysis
One foot from each participant was analysed to maintain data independence. If a participant had bilateral symptoms, the most painful side only was included in the analysis. Data were screened to ensure it satisfied assumptions for the statistical analyses performed. All analyses were performed using SPSS version 17 (SPSS, Inc., Chicago, IL, USA). As few studies [16, 21] had investigated factors associated with the presence or severity of symptoms in people with first MTP joint OA, an explorative approach was used to identify significant associations between variables.
First, univariate associations between potentially associated variables with the foot pain and foot function domains of the FHSQ were explored using correlation statistics (one-
Next, for analysis of each domain (foot pain and foot function), all variables with P 4 0.10 in the univariate analyses were then entered into a stepwise multivariate linear regression model, with variables retained where P 4 0.05. For each statistically significant variable, the unstandardized coefficient (and standard error) was determined, and the strength of the predictive ability of the factor was also determined with standardized b regression coefficients. The fraction of variance explained by each model was determined using the adjusted R 2 statistic.
Results
Seven hundred and fifty-four people volunteered for the study. Six hundred and three volunteers were excluded; 120 declined to participate, 297 did not meet the inclusion criteria and 186 were excluded for other reasons (such as not being able to be contacted). Therefore, a total of 151 participants were enrolled in this study. Table 1 shows the characteristics of the study participants. Table 2 shows the self-reported medical history and medication consumption by the study participants.
Foot pain
Three variables had statistically significant univariate associations with the foot pain domain of the FHSQ (P 4 0.10) ( Table 3) ; these were subsequently entered into the multivariate linear regression analysis. The results of the multivariate linear regression analysis with stepwise exclusion of variables with P > 0.05 resulted in a significant model (F 2,147 = 11.308, P < 0.001) with two independently associated variables: years of education and BMI, as shown in Table 4 . The adjusted R 2 for the model was 0.122. The variable height was not a significant variable in this model (P = 0.101).
Foot-related disability
Five variables had statistically significant univariate associations with foot function domain of the FHSQ (P 4 0.10) ( Table 3) ; these were subsequently entered into the multivariate linear regression analysis. The results of the multivariate linear regression analysis with stepwise exclusion of variables with P > 0.05 resulted in a significant model (F 2,147 = 8.943, P < 0.001) with two independently associated variables: years of education and BMI, as shown in Table 4 . The adjusted R 2 for the model was 0.096. The variables weight, radiographic (dorsal view) joint space narrowing and foot posture were not significant variables in this model (P = 0.262, 0.272 and 0.065, respectively).
Discussion
The aim of this study was to determine the association of participant characteristics and localized factors with foot pain and foot-related disability in people with first MTP joint OA. Several potentially associated variables were evaluated, including participant characteristics, , where the presence of osteophytes was graded as absent (score = 0), small (score = 1) or moderate (score = 2) and the presence of joint space narrowing was graded as none (score = 0), definite (score = 1) or severe (score = 2).
d Scores of 2 for any feature in any view were dichotomized as definite OA. e n = 138 due to technical issues with the apparatus.
www.rheumatology.oxfordjournals.org dorsiflexion range of motion of the first MTP joint, severity of radiographic changes, foot posture, as well as plantarflexion strength of the toe flexors of the hallux. Our results showed that BMI (negative correlation) and years of education (positive correlation) were both independently associated with the severity of both foot pain and foot-related disability in people with symptomatic first MTP joint OA.
The finding that BMI was associated with foot pain and foot-related disability suggests that people with symptomatic first MTP joint OA and an increased BMI experience more foot pain and have greater difficulty performing functional weight-bearing activities. These findings are in agreement with previous studies that have shown BMI to be positively associated with increasing severity of pain and disability in OA of other joints [12, 15, 16, 21, 32] and foot pain in general [3337] . The mechanism by which elevated BMI may facilitate increased pain and reduced function is likely to be mediated through direct local joint stress and also through systemically mediated actions. The systemic mechanisms by which obesity influences the symptoms of OA is not well understood, but disordered glucose and lipid metabolism have been implicated, and inflammatory molecules secreted from adipose tissue (adipokynes such as leptin, resistin, adiponeptin, TNF-a, IL-1 and IL-6) are also implicated in the process of producing peripheral joint inflammation and symptoms [38] . We acknowledge that BMI is a surrogate measure of adiposity, and further studies using other measures such as patterns of adipose tissue distribution measured with anthropometry or dual-density dual-energy X-ray absorptiometry are required [39] . Nevertheless, these findings suggest that weight loss may be an important component of treatment for foot pain and foot-related disability associated with first MTP joint OA. This suggestion is supported by studies of obese patients undergoing bariatric surgery that have reported a marked reduction in the prevalence of foot and ankle pain post-operatively [40, 41] and in clinical trials of knee OA in which participants have reported a reduction of symptoms, accompanied by a reduction in joint inflammation, after significant weight loss [42, 43] .
Education attainment was associated with foot pain and foot function in people with symptomatic first MTP joint OA, suggesting that people displaying symptomatic first MTP joint OA who have increased years of education report less foot pain and have reduced difficulty performing functional weight-bearing activities. Our findings are consistent with previous studies examining the relationship between education attainment and a spectrum of chronic diseases, including OA [19, 20, 44] . The effects of education attainment on pain and disability in OA are most likely to be mediated indirectly [19] . Adults with limited education attainment are more likely to be older, to have more chronic diseases, to smoke cigarettes, to have a higher BMI and to work in more physically demanding occupations [15, 17, 45, 46] . These have been shown to be risk factors for symptomatic OA of the lower limb and other musculoskeletal pain syndromes [15, 17, 45, 46] . As it is difficult to intervene to alter education attainment in adulthood, the identification and modification of any potentially modifiable factors that may mediate the relationship between education attainment and pain severity in people with first MTP joint OA may be a strategy to manage the symptoms associated with this condition [19] .
There were no associations between the severity of radiographic change at the first MTP joint, strength of the surrounding musculature, foot posture or first MTP joint range of motion with the severity of foot pain or foot-related disability. Although previous work has showed that individuals with radiographic features of first MTP joint OA are more likely to report symptoms at the first MTP joint [16, 21] , our study is novel in that it shows that the severity of radiographic changes is not associated with the severity of symptoms. Further, the findings that the strength of the surrounding musculature, foot posture and range of first MTP joint dorsiflexion were not associated with symptoms suggest that interventions aimed at altering these variables may not be required for effective management of symptoms of first MTP joint OA. This is supported by recent work showing that treatment with foot orthoses reduces symptoms of first MTP joint pain, despite there being no effect on first MTP joint dorsiflexion motion [47] .
There are several limitations to the current study that need consideration. First, there are likely to be several (37) other factors that were not investigated that may be associated with foot pain and foot-related disability in people displaying symptomatic first MTP joint OA. In this regard, psychological variables (such as depression, anxiety, self-efficacy or learned helplessness), socio-economic factors and ethnicity have also been associated with symptoms of OA and other chronic musculoskeletal conditions [19, 48, 49] and so inclusion of these variables in future analyses may lead to more accurate predictive models. Secondly, the exclusion criteria used in our study may have made it less likely that we would have identified significant associations between certain variables with foot pain and foot-related disability. For example, we did not include participants with severe radiographic OA at the first MTP joint or with pain severity of <20 mm on a VAS. Thirdly, the spectrum of participants of the current study who were recruited as part of a clinical trial may not represent those encountered in clinical practice. , where the presence of osteophytes was graded as absent (score = 0), small (score = 1) or moderate (score = 2) and the presence of joint space narrowing was graded as none (score = 0), definite (score = 1) or severe (score = 2).
b Scores of 2 for any feature in any view were dichotomized as definite OA. *Statistically significant at P 4 0.10. NA: not applicable, as independent t-tests were used to assess for differences. www.rheumatology.oxfordjournals.org meaningful effect, and this is not known for the outcome variables (foot pain and foot function domains of the FHSQ) for people with first MTP joint OA. It is therefore possible that the lack of identification of statistically significant associations between our variables may have been the result of Type II statistical errors. However, our sample size can be justified on the grounds that it is the maximum sample size that was reasonably feasible [50] . Finally, OA is recognized as a phasic condition with episodes of pain separated by remissions [7] . The outcome variables used in the present study may not have been able to fully capture the disease burden created by first MTP joint OA, as they have not been specifically validated in this population. Future prospective studies are required using validated measures to overcome these limitations and to allow causal relationships to be identified [7] .
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